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(57) In a transparent conductive film for use in a 
transparent touch panel in which a lower electrode (5) 
and an upper electrode (4) are stacked so as to be 
spaced from each other by spacers (10), the transpar- 
ent conductive film being provided on an electrode sub- 
strate (14, 15) of at least one of the electrodes and 



thereby forming the electrode, the transparent conduc- 
tive film has, in its surface shape, an arithmetic mean 
roughness (Ra) within a range of 0.4 nm <, Ra <, 4.0 nm 
and a root-mean-square roughness (Rms) within a 
range of 0.6 nm <, Rms <, 3.0 nm. 
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Description 

Technical Field 

[0001] The present invention relates to a transpar- 5 
ent conductive film for use in a transparent touch panel 
capable of performing stable, light touch inputs, to a 
transparent touch panel using the transparent conduc- 
tive film, and to a method for fabricating a transparent 
conductive film. The transparent conductive film for use 10 
in a transparent touch panel, the transparent touch 
panel using the transparent conductive film, and the 
method for fabricating a transparent conductive film, 
according to the present invention are particularly suita- 
ble as a transparent conductive film for use in a trans- is 
parent touch panel to be used as an input device by 
being laminated on a display screen of a flat display 
such as liquid crystal display devices, electrolumines- 
cent elements, plasma display devices, fluorescent 
character display tables, and field emission displays, 20 
and as a transparent touch panel using the transparent 
conductive film, and as a method for. fabricating a trans- 
parent conductive film. 

Background Art 25 

[0002] The transparent conductive film to be used 
as an electrode in a transparent touch panel is generally 
made of a metallic oxide such as ATO (antimony 
oxide/tin oxide), FTO (tin oxide/fluorine dope), ITO 30 
(indium oxide/tin oxide), FATO (antimony oxide/tin 
oxide/fluorine dope), or the like. Among others, the 
resistor-film analog type transparent touch panel is 
required to have a surface resistance of 200 - 2000 fi/sq 
and be highly transparent and less colored. 35 
[0003] The resistor-film analog type transparent 
touch panel has such a structure that a lower electrode 
substrate comprising an insulating substrate such as a 
glass plate or a film having on its surface a lower elec- 
trode made of a transparent conductive film and dot-like 40 
spacers, and an upper electrode substrate comprising 
an insulating substrate such as a film having on its sur- 
face an upper electrode made of a transparent conduc- 
tive film are laminated. The transparent touch panel is 
thus enabled to make an input by pressing a portion of 45 
the surface of the transparent touch panel from the input 
surface side so that the two electrodes are put into con- 
tact and electrically conducting with each other. 
[0004] The transparent conductive film formed in 
the transparent touch panel is normally formed by a 50 
physical film formation process such as evaporation 
process and sputtering process or a chemical vapor 
phase process such as CVD process. In these proc- 
esses, the mean crystal grain size (R) within a plane 
observed at the film surface of the transparent conduc- 55 
tive film is controllable. For example, in the case of a 
physical film formation process, the mainstream is 
transparent conductive films made of ITO, where the 



surface resistance value is required to be 200 - 2000 
- n/sq, rather higher as compared with electrodes for liq- 
uid crystal displays. However, because ITO is low in 
specific resistance, it is necessary to increase the sur- 
face resistance value by forming an ultrathin film having 
a film thickness of about 100 - 200 A. 
[0005] Under these circumstances, because the 
transparent conductive film is provided as an ultrathin 
ITO film, the mean crystal grain size (R) is as fine as 10 
- 15 nm, where the arithmetic mean roughness (Ra) as 
observed by an atomic force microscope is as small as 
0.1 - 0.3 nm and the root-mean-square roughness 
(Rms) is as small as 0.25 nm. For example, a surface 
cross-section of a transparent conductive film is formed 
generally triangular of grains as shown in Fig. 5 and 
Figs. 17 to 19. 

[0006] Accordingly, in a transparent touch panel 
using such transparent conductive films, because mutu- 
ally contacting cross sections of transparent conductive 
films are formed generally triangular of grains, the so- 
called light touch input that an input state can be held for 
a slight-load input becomes unstable. Further, in the 
case of successive inputs with an about 10 g load by 
using a pen or the like, there would occur frequently line 
breaks of continuous lines and mis-input portions as 
shown by A in Fig. 6 such that proper inputs could not 
be obtained. 

[0007] Thus, in order to solve these phenomena, 
such countermeasuresas widening the spacer distance 
or reducing the spacer height could be conceived. 
[0008] However, widening the spacer distance 
would make it more likely to occur that mis-inputs hap- 
pen upon contact of the palm or other events. 
[0009] Also, reducing the spacer height would 
cause the distance between opposing electrode sub- 
strates to be so short that Newton's rings due to light 
interference would occur between the transparent con- 
ductive films, degrading the visibility. 
[0010] As a further countermeasure, it is also possi- 
ble that the threshold voltage Evs (see Fig. 7) that con- 
ditions ON/OFF state upon an input by the transparent 
touch panel is set low, thereby compensating a voltage 
reduction due to contact resistance developed between 
opposing electrodes for an easier input. However, this 
would make it likely to occur that even unstable inputs 
are accepted so that coordinate jumps would frequently 
occur, as an issue. That is, as shown in Fig. 7, in the 
case where the threshold voltage Evs is set to a low one 
as a countermeasure for the phenomenon that the 
detected voltage Ev (see Fig. 4) fluctuates up and down 
due to variations in the contact resistance value Eb, for 
example, where the threshold voltage is set to 3.6 V, if 
there have been two-place inputs of 4.0 V and 3.5 V 
simultaneously, such as upon a film contact due to 
improper strain or upon a finger-and-pen simultaneous 
contact where a finger contacts a portion near a pen- 
contact portion at the same time as the pen contacts 
there, it is decided as a mis-input so that no display is 
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given on the liquid crystal display screen or the like, 
where a case that there are no coordinate inputs at the 
relevant portion, i.e., line breaks result (see Fig. 6). 
[0011] Accordingly, an object of the present inven- 
tion is to provide a transparent conductive film for use in 5 
a transparent touch panel capable of performing stable, 
light touch inputs, a transparent touch panel using the 
transparent conductive film, and a method for fabricat- 
ing a transparent conductive film, by which the above- 
described issues can be solved. 10 

Disclosure Of Invention 

[001 2] In accomplishing these and other aspects, a 
transparent conductive film for use in a transparent is 
touch panel according to a first aspect of the present 
invention is constructed so that a lower electrode and an 
upper electrode are stacked so as to be spaced from 
each other by spacers, the transparent conductive film 
being provided on an electrode substrate of at least one 20 
of the electrodes and thereby forming the electrode, 
wherein 

the transparent conductive film has, in its surface 
shape, an arithmetic mean roughness (Ra) within a 2s 
range of 0.4 nm <, Ra <, 4.0 nm and a root-mean- 
square roughness (Rms) within a range of 0.6 nm < 
Rms £ 3.0 nm. 

[001 3] A transparent conductive film for use in a 30 
transparent touch panel according to a second aspect 
of the present invention is constructed so that a lower 
electrode and an upper electrode are stacked so as to 
be spaced from each other by spacers, the transparent 
conductive film being provided on an electrode sub- 35 
strate of at least one of the electrodes and thereby form- 
ing the electrode, wherein 

the transparent conductive film is composed of an 
indium oxide - tin oxide film and a mean crystal 40 
grain size (R) within a plane of a metallic oxide 
observed at a surface of the transparent conductive 
film is within a range of 40 nm <, R <, 200 nm. 

[0014] A transparent conductive film for use in a 45 
transparent touch panel according to a third aspect of 
the present invention is constructed so that a lower elec- 
trode and an upper electrode are stacked so as to be 
spaced from each other by spacers, the transparent 
conductive film being provided on an electrode sub- so 
strate of at least one of the electrodes and thereby form- 
ing the electrode, wherein 

the transparent conductive film is composed of a 
fluorine- or antimony-added tin oxide film and a 55 
mean crystal grain size (R) within a plane of a 
metallic oxide observed at a surface of the transpar- 
ent conductive film is within a range of 80 nm s R s 



400 nm. 

[0015] A transparent conductive film for use in a 
transparent touch panel according to a fourth aspect of 
the present invention, in the first or second aspect, is 
constructed so that the transparent conductive film is 
composed of an indium oxide - tin oxide film and has, in 
its surface shape, an arithmetic mean roughness (Ra) 
within a range of 0.4 nm ^ Ra ^ 3.0 nm and a root- 
mean-square roughness (Rms) within a range of 0.6 nm 
<. Rms <. 2.0 nm. 

[0016] A transparent conductive film for use in a 
transparent touch panel according to a fifth aspect of 
the present invention, in the first or third aspect, is con- 
structed so that the transparent conductive film is com- 
posed of a fluorine- or antimony-added tin oxide film 
and has, in its surface shape, an arithmetic mean 
roughness (Ra) within a range of 0.4 nm <, Ra ^ 4.0 nm 
and a root-mean-square roughness (Rms) within a 
range of 0.6 nm £ Rms <, 3.0 nm. 
[0017] A transparent conductive film for use in a 
transparent touch panel according to a sixth aspect of 
the present invention, in any one of the first to fifth 
aspects, is constructed so that given a center line depth 
Rp and a maximum roughness Rmax with respect to the 
surface shape, a parameter (Rp/Rmax) representing 
the surface shape is set to 0.55 or less, whereby a cross 
section of grain aggregates forming the surface shape is 
formed into a trapezoidal or rectangular shape. 
[0018] A transparent conductive film for use in a 
transparent touch panel according to a seventh aspect 
of the present invention, in any one of the first to sixth 
aspects, is constructed so that the transparent conduc- 
tive film is formed by a coating or printing process with a 
sol-gel material. 

[0019] A transparent touch panel according to an 
eighth aspect of the present invention is constructed so 
that the transparent conductive film in any one of the 
first to seventh aspects is provided on an electrode sub- 
strate of at least one electrode out of the lower electrode 
and the upper electrode and thereby forming the elec- 
trode. 

[0020] A transparent touch panel according to a 
ninth aspect of the present invention is constructed so 
that the transparent conductive film in any one of the 
first to seventh aspects is provided on electrode sub- 
strates of both the lower electrode arid the upper elec- 
trode and thereby forming the electrodes. 
[0021] A method for fabricating a transparent con- 
ductive film for use in a transparent touch panel accord- 
ing to a tenth aspect of the present invention is 
constructed so that a lower electrode and an upper 
electrode are stacked so as to be spaced from each 
other by spacers, the transparent conductive film being 
provided on an electrode substrate of at least one of the 
electrodes and thereby forming the electrode, the 
method comprising: 
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forming an indium oxide - tin oxide film so that the 
film has, in its surface shape, an arithmetic mean 
roughness (Ra) within a range of 0.4 nm <, Ra <, 3.0 
nm and a root-mean-square roughness (Rms) 
within a range of 0.6 nm <, Rms < 2.0 nm, by a coat- 5 
ing or printing process using a sol-gel material, 
where at least an organometallic compound consti- 
tuting the sol-gel material is composed of indium 
and tin and has a constituent weight ratio of indium 
to tin that 5 wt% <, {Sn/(ln+Sn)}x 100 ^ 15 wt% . ro 

[0022] A method for fabricating a transparent con- 
ductive film for use in a transparent touch panel accord- 
ing to an eleventh aspect of the present invention is 
constructed so that a lower electrode and an upper 15 
electrode are stacked so as to be spaced from each 
other by spacers, the transparent conductive film being 
provided on an electrode substrate of at least one of the 
electrodes and thereby forming the electrode, the 
method comprising: 20 

forming an indium oxide - tin oxide film so that a 
mean crystal grain size (R) within a plane of a 
metallic oxide observed at a surface of the film is 
within a range of 40 nm <, R <, 200 nm, by a coating 25 
or printing process using a sol-gel material, where 
at least an organometallic compound constituting 
the sol-gel material is composed of indium and tin 
and has a constituent weight ratio of indium to tin 
that 5wt% <, {Sn/(ln+Sn)}x100 £ 15wt%. 30 

[0023] A method for fabricating a transparent con- 
ductive film for use in a transparent touch panel accord- 
ing to a twelfth aspect of the present invention is 
constructed so that a lower electrode and an upper 35 
electrode are stacked so as to be spaced from each 
other by spacers, the transparent conductive film being 
provided on an electrode substrate of at least one of the 
electrodes and thereby forming the electrode, the 
method comprising: 40 

after coating or printing with a sol-gel material by a 
coating or printing process using the sol-gel mate- 
rial, performing an initially drying process; then per- 
forming an oxidation burning process at a 45 
temperature increasing rate of 40°C - 60°C per 
minute within a temperature range of 200°C - 
400°C; and subsequently performing a reduction 
burning process, thereby forming an indium oxide - 
tin oxide film so that the film has, in its surface so 
shape, an arithmetic mean roughness (Ra) within a 
range of 0.4 nm <, Ra <, 3.0 nm and a root-mean- 
square roughness (Rms) within a range of 0.6 nm <, 
Rms <, 2.0 nm. 



55 



[0024] A method for fabricating a transparent con- 
ductive film for use in a transparent touch panel accord- 
ing to a thirteenth aspect of the present invention is 



constructed so that a lower electrode and an upper 
electrode are stacked so as to be spaced from each 
other by spacers, the transparent conductive film being 
provided on an electrode substrate of at least one of the 
electrodes and thereby forming the electrode, the 
method comprising: 

after coating or printing with a sol-gel material by a 
coating or printing process using the sol-gel mate- 
rial, performing an initially drying process; then per- 
forming an oxidation burning process at a 
temperature increasing rate of 40°C - 60°C per 
minute within a temperature range of 200°C - 
400°C; and subsequently performing a reduction 
burning process, thereby forming an indium oxide - 
tin oxide film so that a mean crystal grain size (R) 
within a plane of a metallic oxide observed at a sur- 
face of the film is within a range of 40 nm <, R ^ 200 
nm. 

[0025] A method for fabricating a transparent con- 
ductive film for use in a transparent touch panel accord- 
ing to a fourteenth aspect of the present invention, in the 
tenth or eleventh aspect, is constructed so that when 
the transparent conductive film is formed by the coating 
or printing process using the sol-gel material, the 
method comprising: 

after coating or printing with the sol-gel material, 
performing an initially drying process; then perform- 
ing an oxidation burning process at a temperature 
increasing rate of 40°C - 60°C per minute within a 
temperature range of 200°C - 400°C; and subse- 
quently performing a reduction burning process, 
thereby forming the transparent conductive film. 

[0026] A transparent conductive film for use in a 
transparent touch panel according to a fifteenth aspect 
of the present invention is constructed so that the film is 
fabricated by the method for fabricating a transparent 
conductive film for use in a transparent touch panel 
according to any one of the tenth to fourteenth aspects. 

Brief Description Of Drawings 

[0027] These and other aspects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompany- 
ing drawings, in which: 

Fig. 1 is a schematic sectional view showing a 
cross-sectional shape of the surface of a transpar- 
ent conductive film of a transparent touch panel 
according to an embodiment of the present inven- 
tion; 

Fig. 2 is an atomic force microscope photograph 
showing crystal grain size of a metallic oxide of the 
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transparent conductive film of the transparent touch 
panel of the above . embodiment of the present 
invention; 

Fig. 3 is a perspective view showing a method for 
observing voltage drop due to contact resistance s 
between the transparent conductive films of the 
transparent touch panel of the above embodiment; 
Fig. 4 is a circuit diagram showing a method for 
observing voltage drop due to contact resistance 
between the transparent conductive films of the 10 
transparent touch panel of the above embodiment; 
Fig. 5 is a schematic sectional view showing a 
cross-sectional shape of the surface of a transpar- 
ent conductive film of a transparent touch panel 
according to the prior art; is 
Fig. 6 is a line drawing representing trouble such as 
a line break that occurs when a continuous input is 
done with a light load on the transparent touch 
panel; 

Fig. 7 is a schematic view in which input voltage Ev 20 
detected upon an input on the transparent touch 
panel of the above embodiment and threshold volt- 
. age Evs are recorded; 

Fig. 8 is a schematic view in which an ideal input 
voltage Ev detected upon an input on the transpar- 2s 
ent touch panel of the above embodiment is 
recorded; 

Fig. 9 is a graph for explaining the arithmetic mean 
roughness of a surface roughness parameter in the 
transparent touch panel of the above embodiment; 30 
Fig. 10 is a graph for explaining the center line 
(average line) depth of a surface roughness param- 
eter in the transparent •touch panel of the above 
embodiment; 

Fig. 11 is a schematic sectional view showing a 35 
cross-sectional shape of the surface of the trans- 
parent conductive film in the state that the upper 
electrode and the lower electrode of the transparent 
touch panel of the above embodiment are opposed 
to each other; 40 
Fig. 1 2 is a schematic view showing a state of a pen 
input performed while the upper electrode and the 
lower electrode of the transparent touch panel of 
the above embodiment are opposed to each other; 
Fig. 13 is an atomic force microscope photograph 45 
showing crystal grain size of a metallic oxide of the 
transparent conductive film of the transparent touch 
panel of the above embodiment of Fig. 2; 
Fig. 14 is another atomic force microscope photo- 
graph showing crystal grain size of a metallic oxide so 
of the transparent conductive film of the transparent 
touch panel of the above embodiment of the 
present invention; 

Fig. 15 is a graph showing heightwise variations in 
the crystal grain size of a metallic oxide of the trans- 55 
parent conductive film in a cross section taken 
along the line A - B of Fig. 14; 
Fig. 16 is a graph showing heightwise variations in 



the crystal grain size of a metallic oxide of the trans- 
parent conductive film in a cross section taken 
along the line C - D of Fig. 14; 
Fig. 17 is an atomic force microscope photograph 
showing crystal grain size of a metallic oxide of the 
transparent conductive film of the transparent touch 
panel of the prior art; 

Fig. 18 is a graph showing heightwise variations in 
the crystal grain size of a metallic oxide of the trans- 
parent conductive film in a cross section taken 
along the line A - B of Fig. 1 7; 
Fig. 19 is a graph showing heightwise variations in 
the crystal grain size of a metallic oxide of the trans- 
parent conductive film in a cross section taken 
along the line C - D of Fig. 17; and 
Fig. 20 is a perspective view of a thin film formation 
apparatus to be used as an example in the case 
where the transparent conductive film according to 
the above embodiment is formed by printing proc- 
ess. 

Best Mode for Carrying Out the Invention 

[0028] Before the description of the present inven- 
tion proceeds, it is to be noted that like parts are desig- 
nated by like reference numerals throughout the 
accompanying drawings. 

[0029] Embodiments of the present invention are 
described in detail with reference to the accompanying 
drawings. 

[0030] Fig. 1 is a schematic sectional view showing 
a cross-sectional shape of the surface' of a transparent 
conductive film of a transparent touch panel according 
to an embodiment of the invention. Fig. 2 is an atomic 
force microscope photograph showing crystal grain size 
of a metallic oxide of the transparent conductive film of 
the transparent touch panel of the above embodiment of 
the invention. Fig. 3 is a perspective view showing a 
method for observing voltage drop due to contact resist- 
ance between the transparent conductive films of the 
transparent touch panel of the above embodiment. Fig. 
4 is a circuit diagram showing a method for observing 
voltage drop due to contact resistance between the 
transparent conductive films of the transparent touch 
panel of the above embodiment. Fig. 8 is a schematic 
view in which an ideal input voltage Ev detected upon 
an input on the transparent touch panel of the above 
embodiment is recorded. Fig. 9 is a graph for explaining 
the arithmetic mean roughness of a surface roughness 
parameter in the transparent touch panel of the above 
embodiment. Fig. 10 is a graph for explaining the center 
line (average line) depth of a surface roughness param- 
eter in the transparent touch panel of the above embod- 
iment. Fig. 11 is a schematic sectional view showing a 
cross-sectional shape of the surface of the transparent 
conductive film in the state that the upper electrode and 
the lower electrode of the transparent touch panel of the 
above embodiment are opposed to each other. Fig. 12 
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is a schematic sectional view showing a cross-sectional 
shape of the surface of the transparent conductive film 
in the state of a pen input performed while the upper 
electrode and the lower electrode of the transparent 
touch panel of the above embodiment are opposed to 5 
each other. Fig. 13 is an atomic force microscope pho- 
tograph showing crystal grain size of a metallic oxide of 
the transparent conductive film of the transparent touch 
panel of the above embodiment of Fig. 2. Fig. 14 is 
another atomic force microscope photograph showing w 
crystal grain size of a metallic oxide of the transparent 
conductive film of the transparent touch panel of the 
above embodiment of the invention. Fig. 15 is a graph 
showing heightwise variations in the crystal grain size of 
a metallic oxide of the transparent conductive film in a is 
cross section taken along the line A - B of Fig. 14. The 
positions of A1, A2, A3, A4, A5, A6 in Fig. 15 corre- 
spond to the positions of A1 , A2, A3, A4, A5, A6 in Fig. 
14, respectively. Fig. 16 is a graph showing heightwise 
variations in the crystal grain size of a metallic oxide of 2 o 
the transparent conductive film in a cross section taken 
along the line C - D of Fig. 14. The positions of C1, C2, 
C3, C4, C5, C6 in Fig. 16 correspond to the positions of 
CI, C2, C3, C4, C5, C6 in Fig. 14, respectively. 
[0031 ] In thefigures, reference numeral 1 denotes a 25 
transparent conductive film, 2 denotes an input pen, 3 
denotes a bus bar, 4 denotes an upper electrode, and 5 
denotes a lower electrode. Therefore, as shown in Figs. 
3 and 12, input work is performed by pressing a portion 
of the surface of the transparent touch panel from the 30 
input surface side, for example, from the upper elec- 
trode 4 side, with the input pen 2 so that the two elec- 
trodes 4, 5 both formed of the transparent conductive 
film 1 are put into contact and electrically conducting 
with each other, by which input information is trans- 35 
ferred to specified equipment via the bus bar 3. 
[0032] In the transparent touch panel of this embod- 
iment of the invention, the lower electrode 5 formed of 
the transparent conductive film 1 provided on the sur- 
face of a lower electrode substrate 15, and the upper 40 
electrode 4 formed of the transparent conductive film 1 
provided on the surface of an upper electrode substrate 
14 are stacked so as to be spaced from each other by a 
multiplicity of spacers 10 as shown in Figs. 1, 11, and. 
12. The spacers 1 0 used are, for example, those having 45 
a diameter of 20- 100 jim, a height of 4 - 25 urn, and 
each interval between the spacers 10 of 1 - 5 mm. The 
spacers are normally formed on the surface of either the 
upper electrode or the lower electrode. 
[0033] Substrates as the lower electrode substrate so 
and the upper electrode substrate in this embodiment 
are exemplified by plastic substrates or glass substrates 
having thermal resistance and superior in transparency. 
Examples of the plastic substrates used are polycar- 
bonate resin, polyethylene terephthalate resin, poly- 55 
ethersulfone resin, polyacrylate resin, triacetate resin, 
or the like. The glass substrates have only to be low in 
hue and not particularly limited. 



[0034] As the transparent conductive film 1 of this 
embodiment may be made of a metallic oxide, which is 
an n-type semiconductor, typified by ATO (antimony 
oxide/tin oxide), FTO (tin oxide/fluorine dope), ITO 
(indium oxide/tin. oxide), FATO (antimony oxideAin 
oxide/fluorine dope), and the like. In particular, ITO is 
preferable by virtue of its being free from coloring of the 
transparent conductive film itself and superior in perme- 
ability. 

[0035] The transparent conductive film 1 is so 
formed that the arithmetic mean roughness (Ra) of the 
surface shape is within a range of 0.4 nm <. Ra <. 4.0 nm 
and the root-mean-square roughness (Rms) of the sur- 
face shape is within a range of 0.6 nm < Rms < 3.0 nm. 
The reason of this is that forming the transparent con- 
ductive film 1 like this makes it possible to obtain a film 
in which crystal grain aggregates are arranged compact 
as shown in Fig. 1 and yet which has a good smooth- 
ness so that a contact area for input operation can 
promptly be ensured as shown in Figs. 11 and 12. More 
specifically, if the arithmetic mean roughness (Ra) is 
less than 0.4 nm or if the root-mean-square roughness 
(Rms) is less than 0.6 nm, a considerably dot-like con- 
tact results, which is unsuitable for input operation 
because of less contact area (see Fig. 5 and Figs. 1 7 to 
19). Also, even if either one of the arithmetic mean 
roughness (Ra) and the root-mean-square roughness 
(Rms) is within the foregoing range, proper inputs could 
not be expected. Further, if the arithmetic mean rough- 
ness (Ra) is over 4.0 nm or if the root-mean-square 
roughness (Rms) is over 3.0 nm, sliding characteristics 
of the transparent conductive film 1 are adversely 
affected, undesirably. 

[0036] Further, preferably, the cross section of grain 
aggregates forming the surface shape is formed into a 
trapezoidal or rectangular shape as shown in Fig. 1 by 
setting the following parameter (Rp/Rmax) which repre- 
sents the surface shape of the transparent conductive 
film 1 to 0.55 or less (see Figs. 15 and 16). The reason 
of this is that obtaining such a shape makes it possible 
to ensure a very stable input as well as to obtain a 
bnger life and successful results in terms of sliding 
characteristics that are essential as a switch. 
[0037] More specifically, in the transparent touch 
panel of this embodiment, in the case where, as an 
example, the transparent conductive film 1 forming at 
least one of the electrodes is an indium oxide - tin oxide 
film, the cross section of grain aggregates forming the 
surface shape is formed into a trapezoidal or rectangu- 
lar shape as shown in Fig. 1 by obtaining settings that 
the mean crystal grain size (R) within the plane of the 
metallic oxide observed at the surface of the film is 
within a range of 40 nm < R < 200 nm, the arithmetic 
mean roughness (Ra) of the surface of the transparent 
conductive film 1 is within a range of 0.4 nm <, Ra <, 3.0 
nm, the root-mean-square roughness (Rms) is within a 
range of 0.6 nm <, Rms < 2.0 nm, and that the parameter 
(Rp/Rmax) representing the surface shape is 0.55 or 
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less. That is, it is set that Rp/Rmax £ 0.55, where Rp 
represents the center line depth and Rmax represents 
the maximum roughness of the surface, both expressed 
in nm. The center line depth Rp and the maximum 
roughness Rmax will be described later. 5 
[0038] In the case where the transparent conduc- 
tive film 1 is an indium oxide - tin oxide film as shown 
above, the reason that the mean crystal grain size (R) 
within the plane of the metallic oxide observed at the 
surface of the film is set so as to be distributed within the 10 
range of 40 nm <. R <. 200 nm is as follows. That is, if the 
mean crystal grain size (R) is distributed within a range 
less than 40 nm, then a light touch input would result in 
an unstable input; if the mean crystal grain, size (R) is 
distributed within a range over 200 nm, then it is 15 
extremely difficult to fabricate a transparent conductive 
film 1 having such a mean crystal grain size (R). There- 
fore, by setting the mean crystal grain size (R) to within 
the range of 40 nm <, R <, 200 nm so that a stable oxide 
film less in barriers typified by grain boundaries is 20 
obtained, the contact resistance upon mutual contact of 
the transparent conductive films provided on opposing 
substrates can be reduced so that a stable input can be 
achieved. 

[0039] Normally, sputtering process is the main- ss 
stream for forming the indium oxide - tin oxide film and 
is capable of obtaining a film of good crystallinity, where 
such measures as holding the substrate temperature 
during film formation at high temperatures or performing 
annealing process at specified temperatures after the 30 
film formation are taken for achieving grain growth. In 
the above case of the film formation by sputtering proc- 
ess, in order to set the mean crystal grain size (R) within 
the range of 40 nm < R <, 200 nm as described above, 
the growth of crystal grains may be accelerated, for 35 
example, by setting the substrate temperature during 
the film formation to 350°C or by performing an aging 
process at 150 - 200°C for several hours or more after 
the film formation. 

[0040] Particularly in the case of an indium oxide - 40 
tin oxide film, which is an ITO film formed by the sputter- 
ing process as described above, because of is a lower 
specific resistance, the film needs to be provided as an 
extremely thin film for applications to touch panels. As a 
result, the mean grain size also tends to be small, natu- 45 
rally. Therefore, coating process and printing process 
are not only simpler in engineering technique but also 
easier in grain control as well as easier in adjustment of 
specific resistance, than sputtering process. Further- 
more, coating process and printing process are suitable so 
for controlling the surface shape. 
[0041 ] For example, in the case of transparent con- 
ductive films 1 having a mean crystal grain size (R) 
around 50 nm or so as shown in Fig. 2 and Figs. 13 and 
14, proper inputs are able to be obtained even with a ss 
light touch input. Further, successful results are 
obtained also with a light touch input after a humidity 
heat test at 60°C and a relative humidity of 95% (RH) for 



500 hours. In addition, in Fig. 14, the arithmetic mean 
roughness (Ra) is 0.80 nm, the root-mean-square 
roughness (Rms) is 1.06 nm. In contrast to this, in Fig. 
17 according to the prior art example, the arithmetic 
mean roughness (Ra) is 0.21 nm and the root-mean- 
square roughness (Rms) is 0.26 nm in the A - B line por- 
tion and 0.28 nm in the C - D line portion. In Figs. 15, 16, 
18, arid 19, the vertical axis represents height and the 
horizontal axis represents distance. 
[0042] Also, in the case where the mean crystal 
grain size (R) within the plane observed at the surface of 
the transparent conductive film is as fine as 10 - 15 nm, 
generally, an increase in surface resistance value 
occurs upon the foregoing humidity heat test, and a 
considerable increase in occurrence of mis-inputs 
occurs with light touch inputs. The reason of this could 
be considered that with a small mean crystal grain size 
(R), the surface area of the transparent conductive film 
increases and so the amount of moisture adsorption is 
large, causing carriers in the transparent conductive film 
to be removed, with the result that the surface resist- 
ance value is increased. It could also be considered that 
more grain boundaries exist in a transparent conductive 
film having a smaller mean crystal grain size (R), than in 
a transparent conductive film having a larger mean 
crystal grain size (R), where in the case of, for example, 
indium oxide - tin oxide, since the mean free path of car- 
riers can be considered as about 100 A, the mobility of 
carriers lowers due to grain boundary scattering that 
could normally be neglected, with the result that trouble 
with light touch inputs is more likely to occur. 
[0043] Also, in the transparent touch panel of this 
embodiment, as another example, in the case where a 
transparent conductive film 1 forming at least one elec- 
trode is a fluorine- or antimony-added tin oxide film 
instead of an indium oxide - tin oxide film, the cross sec- 
tion of grain aggregates forming the surface shape is 
formed into a trapezoidal or rectangular shape as 
shown in Fig. 1 by obtaining settings that the mean crys- 
tal grain size (R) within the plane of the metallic oxide 
observed at the surface of the film is within a range of 80 
nm <, R < 400 nm, the arithmetic mean roughness (Ra) 
of the surface of the transparent conductive film 1 is 
within a range of 0.4 nm < Ra 5 4.0 nm, the root-mean- 
square roughness (Rms) is within a range of 0.6 nm <, 
Rms <, 3.0 nm, and that the parameter (Rp/Rmax) rep- 
resenting the surface shape is 0.55 or less. That is, it is 
set that Rp/Rmax <. 0.55, where Rp represents the 
center line depth and Rmax represents the maximum 
roughness, both expressed in nm. The center line depth 
Rp and the maximum roughness Rmax will be 
described later. 

[0044] In the case where the transparent conduc- 
tive film 1 is a fluorine- or antimony-added tin oxide film 
as shown above, the reason that the mean crystal grain 
size (R) within the plane of the metallic oxide observed 
at the surface of the film is set so as to be distributed 
within the range of 80 nm < R <, 400 nm is as follows. 
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That is, if the mean crystal grain size (R) is distributed 
within a range less than 80 nm, then a light touch input 
would result in an unstable input; if the mean crystal 
grain size (R) is distributed within a range over 400 nm, 
then the transparent conductive film serving as the 5 
opposing electrode would be damaged by surface irreg- 
ularities, thus the transparent conductive film 1 being 
inferior in sliding durability. Therefore, by setting the 
mean crystal grain size (R) to within the range of 80 nm 
sRi 400 nm so that a crystal-grown, stable oxide film w 
is obtained, the contact resistance upon mutual contact 
of the transparent conductive films provided on oppos- 
ing substrates can be reduced so that a stable input can 
be achieved. 

[0045] Normally, vapor phase methods typified by is 
CVD process is the mainstream for forming the f luorine- 
or antimony-added tin oxide film. In the CVD process, 
the film formation temperature is as high as 450°C - 
550°C and therefore the growth of crystal grains can be 
controlled so that the mean crystal grain size (R) is set 20 
within the range of 80 nm <, R ^ 400 nm. 
[0046] Also, in the cases of the above two exam- 
ples, when the transparent conductive film is formed by 
film formation with a sol-gel material and by using coat- 
ing process or printing process, the size of the crystal 25 
grains can be controlled so as to fall within the afore- 
mentioned range by adjusting the addition amount or 
dispersibility of various kinds of elements in solution 
state as well as the free energy of ink and further by tak- 
ing into consideration drying process and burning con- 30 
ditions. 

[0047] For example, when the transparent conduc- 
tive film is formed by printing process, there is a method 
in which printing is done with a thin film formation appa- 
ratus as shown in Japanese Patent Publication No. 3- 35 
11630 (see Fig. 20). This thin film formation apparatus 
is constructed by: an intaglio roll 103 rotatably sup- 
ported on a support frame of a base and having a mul- 
tiplicity of 1.0 - several 10 jim deep ink cells on its 
surface; an ink feeder unit 105 for feeding 1.0 - 30,000 40 
mPas ink to the surface of the intaglio roll 103; a doctor 
106 which is provided at a specified site around the 
intaglio roll 103 supported on the support frame 102 
and which makes a constant amount of ink held within 
the ink cells by spreading the ink, which has been fed to 45 
the intaglio roll 103, over the intaglio roll surface; a print 
roll 104 which is rotatably supported on the support 
frame 102 below the intaglio roll 103 and which has a 
projected portion 107 held in contact with the intaglio 
roll 103 and moreover which makes the ink in the ink so 
cells on the surface of the intaglio roll 103 transferred to 
the relief portion 107; a drive unit 108 for synchronously 
driving into rotation the print roll 104 and the intaglio roll 
103 supported on the support frame 102; a platen 109 
on which a printing object 111 is placed and which is ss 
movable between a printing position I contacting the 
print roll 104 on the base 101 and retreat positions II, III 
separated from the print roll 104; a printing object driv- 



ing unit 1 10 for moving the platen 109 between the two 
kinds of printing and retreat positions; and a control unit 
(not shown) for controlling the rotation of the print roll 
104 as well as the travel of the platen 109 from the 
retreat positions 1 1, III to the printing position I so that the 
ink transferred to the projected portion 107 of the print 
roll 1,04 is printed to the printing object. 
[0048] The ink is composed, for example, of at least 
one kind of compounds represented by an organome- 
tallic compound the general formula of which is 
MCOH^R-CO-CHa-CO-R'Jy, where m=X+Y (where M is 
an element selected from among In, Sn, Sb, B, R Al, Bi, 
Si, Ti, Se. Te, Hf, and Zn, R, R' are a substituted allyl 
group or a substituted alkyl group, m is the valence of M, 
and X and Y are natural numbers), a solvent, and a sta- 
bilizer. 

[0049] In particular, with the use of an ink in which 
M in the general formula is indium (In) and tin (Sn) and 
in which the constituent weight ratio of indium to tin is 
that 5wt%^{Sn/(ln+Sn)}x100<15wt%, the mean 
crystal grain size (R) within the foregoing range can be 
easily obtained, and it is easy to control the arithmetic 
mean roughness (Ra) and the root-mean-square rough- 
ness (Rms) to within the foregoing ranges. In this con- 
nection, if the constituent weight ratio of indium to tin is 
less than 5 wt%, the amount of tin added as a dopant is 
so low that the generation of carriers serving for electri- 
cal conduction could not be expected. That is, the spe- 
cific resistance of the film would be 1 .0 x 1 0' 3 n • cm or 
more, thefilm being unsuitable for use as a touch panel. 
Meanwhile, if the constituent weight ratio of indium to tin 
is over 1 5 wt%, the mean crystal grain size would be 1 0 
- 30 nm, making it difficult to set the arithmetic mean 
roughness (Ra) and the root-mean-square roughness 
(Rms) to within the foregoing ranges, and therefore 
making it difficult to form the cross section of grain 
aggregates forming the surface shape of the transpar- 
ent conductive film into a trapezoidal or rectangular 
shape. 

[0050] Also, the mean crystal grain size (R) within 
the foregoing range can be easily obtained through 
steps of, after coating or printing with a sol-gel material, 
performing an initial drying process, then performing an 
oxidation burning process at a temperature increasing 
rate of 40°C - 60°C per minute within a temperature 
range of 200°C - 400°C, and subsequently performing a 
reduction burning process. It is also easy to control the 
arithmetic mean roughness (Ra) and the root-mean- 
square roughness (Rms) to within the foregoing ranges. 
In this connection, if the temperature increasing rate is 
less than 40°C per minute, the decomposition rate in the 
film would be so slow that the burning process would 
proceed with residual organic solvents left, causing the 
transparent conductive film to be blackened or causing 
the specific resistance of the transparent conductive 
film to be 1.0 x 10" 3 n«cm or more, and thus the trans- 
parent conductive film being unsuitable for use as a 
touch panel. Meanwhile, if the temperature increasing 
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rate is over 60°C per minute, the decomposition rate in 
the film would be considerably accelerated so as to 
become a porous film, lacking in film hardness and poor 
in film properties typified by the humidity test, and thus 
the transparent conductive film being unsuitable for use 
as a touch panel. 

[0051] After film formation into a thin film with the 
above-described apparatus, and further after, as 
required, a drying process at 40°C - 100°C and subse- 
quently an oxidation burning process at about 540°C, a 
reduction burning process is further performed, by 
which a transparent conductive film is formed. As a 
result of forming a transparent conductive film by using 
such a technique, a film having a mean crystal grain 
size of 40 nm or more is able to be formed under speci- 
fied conditions. In this case, the film surface has an Ra 
of 0.67 nm, an Rms of 0.87 nm and an Rp/Rmax of 0.51 
and, as observed by an atomic force microscope, the 
aggregates of grown crystal grains are cohered so that 
the film cross section, i.e., the cross section of grain 
aggregates forming the surface shape shows a trape- 
zoidal shape, and that the transparent conductive film is 
good at light-input characteristic and superior also in 
sliding durability. Also after a humidity test at 60°C and 
a relative humidity of 95% (RH) for 500 hours, a stable 
input is obtained. 

[0052] Also, the stability upon a light touch input 
can be evaluated by observing a voltage drop due to 
contact resistance between opposing transparent con- 
ductive films 1 . As shown in Figs. 3 and 4, with a voltage 
of 5 V connected to the upper electrode 4 of the trans- 
parent touch panel and with the use of a circuit that 
gives a load of 1 0 kQ to the lower electrode 5, input trou- 
ble upon a light touch input can be numerically evalu- 
ated by measuring a voltage drop due to contact 
resistance between the opposing transparent conduc- 
tive films 1. It is noted that Ev = 5-(Ea+Eb+Ec), Ea+Ec 
= const., Eb = drop voltage due to contact resistance, 
and Ev = detected voltage, where Ea and Ec are voltage 
drops of the upper electrode 4 and the lower electrode 
5, respectively. 

[0053] That is, with respect to the voltage of 5 V 
applied to the upper electrode 4, the larger the sum of 
the voltage drops (Ea, Ec) due to the circuit resistance 
or the like and the voltage drop (Eb) due to contact 
resistance, the smaller the detected voltage (Ev). 
Accordingly, the smaller the detected voltage (Ev) is, the 
more the input trouble occurs. 
[0054] In the case where ITO is used as the trans- 
parent conductive film 1 and the mean crystal grain size 
(R) is within the range of 40-100 nm, the detected volt- 
age (Ev) is about 4.6 V stable. In contrast to this, in the 
case where the mean crystal grain size (R) is within a 
range of 10 - 15 nm, the detected voltage (Ev) is 4.0 - 
4.2 V unstable as observed. As a result of detailed 
experiments, it is found that when the detected voltage 
(Ev) with 5 V applied is about 4.5 V or more, successful 
inputs are achieved even with light touch inputs. 



[0055] Also, when a tin oxide film by CVD process is 
used as an example of the transparent conductive film 
1, the mean crystal grain size (R) is distributed within a 
range of 100 - 200 nm, where the detected voltage (Ev) 

5 is about 4.5 V stable. 

[0056] Further, in the case where the transparent 
conductive film 1 forming at least one electrode is an 
indium oxide - tin oxide film, the reason that the arithme- 
tic mean roughness (Ra) of the surface of the transpar- 

10 ent conductive film 1 is within a range of 0.4 nm <, Ra <. 
3.0 nm and the root-mean-square roughness (Rms) is 
within a range of 0.6 nm £ Rms ^ 2.0 nm is as follows. 
That is, forming the transparent conductive film 1 like 
this makes it possible to obtain a film in which crystal 

15 grain aggregates are arranged compact as shown in 
Fig. 1 and yet which. has a good smoothness so that a 
contact area for input operation can promptly be 
ensured as shown in Figs. 11 and 12. If the arithmetic 
mean roughness (Ra) is less than 0.4 nm or if the root- 

20 mean-square roughness (Rms) is less than 0.6 nm, a 
considerably dot-like contact results, which is unsuitable 
for input operation because of less contact area (see 
Fig. 5 and Figs. 1 7 to 1 9). Even if either one of the arith- 
metic mean roughness (Ra) and the root-mean-square 

25 roughness (Rms) is within the foregoing range, proper 
inputs could not be expected. Further, it is extremely dif- 
ficult to fabricate a transparent conductive film 1 having 
an arithmetic mean roughness (Ra) over 3.0 nm or a 
root-mean-square roughness (Rms) oyer 2.0 nm. 

30 [0057] Still further, the cross section of the grain 
aggregates forming the surface shape is formed into a 
trapezoidal or rectangular shape by a setting that the 
ratio of center line depth Rp to maximum roughness 
Rmax, Rp/Rmax, is 0.55 or less (see Figs. 15 and 16). 

35 With such a shape obtained, the transparent conductive 
film 1 allows a contact area for input operation to be 
promptly ensured as shown in Figs. 1 1 and 12, and is 
superior in sliding characteristic upon light touch input. 
Accordingly, a very stable input can be ensured. Fur- 

40 thermore, a longer life and successful results in terms of 
sliding characteristics that are essential as a switch are 
obtained. 

[0058] Also, in the case where the transparent con- 
ductive film 1 forming at least one electrode is a fluo- 

45 rine- or antimony-added tin oxide film, the reason that 
the arithmetic mean roughness (Ra) at the surface is set 
within the range of 0.4 nm <, Ra <, 4.0 nm and the root- 
mean-square roughness (Rms) is set within the range 
of 0.6 nm <, Rms < 3.0 nm is as follows. That is, by form- 

50 ing the transparent conductive film 1 like this, the con- 
tact area for input operation can promptly be ensured as 
shown in Figs. 1 1 and 12 as in the case of indium oxide 
-tin oxide. If the arithmetic mean roughness (Ra) is less 
than 0.4 nm or if the root-mean-square roughness 

55 (Rms) is less than 0.6 nm, a considerably dot-like con- 
tact results, which is unsuitable for input operation 
because of less contact area (see Fig. 5). Also, even if 
either one of the arithmetic mean roughness (Ra) and 
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the root-mean-square roughness (Rms) is within the 
foregoing range, proper inputs could not be expected. 
Further, if the arithmetic mean roughness (Ra) is over 
4.0 nm or if the root-mean-square roughness (Rms) is 
over 3.0 nm, sliding characteristics of the transparent 5 
conductive film 1 are adversely affected, undesirably. 
[0059] Still further, the cross section of the grain 
aggregates forming the surface shape is formed into a 
trapezoidal or rectangular shape by a setting that the 
ratio of center line depth Rp to maximum roughness 10 
Rmax, Rp/Rmax, is 0.55 or less (see Figs. 15 and 16). 
With such a shape obtained, the transparent conductive 
film 1 allows a contact area for input operation to be 
promptly ensured as shown in Figs. 11 and 12. and is 
superior in sliding characteristic upon light touch input. 15 
Accordingly, a very stable input can be ensured. 
[0060] Other than the methods described above, in 
order to obtain such a shape, a ground film having a 
desired shape may also be previously formed on the 
substrate before forming the transparent conductive film 20 
1. 

[0061] As to various surface roughness parame- 
ters, first, the average line refers to a straight line or 
curved line which has a geometrical configuration of a 
measuring plane at a sampling portion of a measuring 2s 
curve, and which is so set that the square sum of devia- 
tions from the line to the measuring curve becomes a 
minimum. Also, the center line refers to such a straight 
line that when a straight line parallel to the average line 
of a roughness curve is drawn, the area surrounded by 30 
this line and the roughness curve is equal between two 
sides of this straight line. 

[0062] In this connection, given a measuring length 
(reference length) / portion which is sampled out of the 
roughness curve along its center line, if the X-axis is 35 
given by the center line of this sampled portion and the 
Y-axis is taken along the direction of longitudinal scale 
factor, and if the roughness curve is expressed by "y = 
f(x)" as shown in Fig. 9, then the arithmetic mean rough- 
ness (Ra) is calculated by the following equation: 40 

1 

Ra=jf|f(x)|dx 
0 

45 

[0063] Also, another roughness parameter, root- 
mean-square roughness (Rms), refers to a standard 
deviation which is determined under the conditions that, 
given a reference length / portion which is sampled out so 
of the roughness average along the direction of the 
average value, the X-axis is taken along the direction of 
the center line of this sampled portion and the Y-axis is 
taken along the direction of longitudinal scale factor. 
Both of the arithmetic mean roughness (Ra) and the 55 
root-mean-square roughness (Rms) show a tendency 
that surface roughness increases in proportion to their 
numerical values, but there is no mathematical relation 



therebetween that holds generally. 

where Yl denotes the height of a local crest to a trough 
bottom line in the sampled portion, V denotes the aver- 
age of heights of local crest to trough bottom line in the 
sampled portion, and N denotes the number of intervals 
between local crests within the reference length /. 
[0064] More concrete examples of the above 
embodiment as well as comparative examples for com- 
parison with the examples are shown below. 
[0065] It is noted that the center line depth (Rp) is 
represented by a depth from the highest point within the 
reference length / to the average line or center line as 
shown in Fig. 10. In addition, in this embodiment, 
(Rp/Rmax) is used as a parameter to correct any effects 
of the film depth. Rmax refers to a value which results 
from a measurement that when a cross-sectional curve 
is sampled by a reference length / along the direction of 
the average line and when the cross-sectional curve is 
sandwiched by two straight lines parallel to the average 
line, the interval between these two straight lines is 
measured along the direction of longitudinal scale fac- 
tor. 

[0066] Further, the center line depth (Rp) is also 
significant in discussing the wear resistance associated 
with the area of the contact portion with respect to 
planes being equal in Rmax value but different in Rp. 
That is, with a large value of Rp, the depth from the 
highest point to the average line or center line becomes 
large, where a pointed shape is shown; conversely, with 
a small value of Rp, the cross section of the grain aggre- 
gates forming the surface shape shows a shape close to 
a trapezoidal or rectangular shape. 

(Example 1) 

[0067] On a 20 \im thick polyethylene terephthalate 
film having an about 5 urn acrylic hard coat, an ITO film 
is formed as a transparent conductive film by sputtering 
process at a film formation temperature of 130°C. Fur- 
ther, an aging is performed at a temperature around 
150 C C, by which a transparent conductive film having a 
mean crystal grain size (R) distributed within a range of 
40 - 60 nm is fabricated. A 125 urn polyethylene tereph- 
thalate film having an about 5 urn acrylic hard coat on its 
rear surface in advance is laminated on the hard coat 
surface of the transparent conductive film with an adhe- 
sive layer interposed therebetween. 
[0068] Also, by using, as the lower electrode sub- 
strate, a 1.1 mm thick glass dip-coated on both sides 
with Si0 2 , and with the substrate temperature set to 
250°C, a 1 5 nm thick ITO film is formed as a transparent 
conductive film by sputtering process. As a result of 
observation by an atomic force microscope (SPM-9500 
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made by Shimadzu Seisakusho Kabushiki Kaisha), the 
mean crystal grain size (R) is distributed within a range 
of 40 - 60 nm. 

[0069] A transparent touch panel using the above 
film and the glass as electrodes is fabricated, and an s 
input is made in a lattice shape by loading a polyacetal 
pen with a total weight of 20 g. As a result, a stable input 
is able to be achieved without causing line distortions or 
breaks. 

[0070] Further, as a result of measuring the voltage 10 
upon input operation with 5 V applied to this transparent 
touch panel, a stable value of 4.6 V is shown. 
[0071] Furthermore, after the transparent touch 
panel is subjected to a humidity heat test at 60°C and a 
relative humidity of 95% (RH) for 500 hours, a similar is 
lattice input test is performed. As a result, the transpar- 
ent touch panel shows no changes from the initial state. 
Also, as a result of performing an input voltage meas- 
urement, the transparent touch panel shows a stable 
value of 4.6 V, with absolutely no changes from the ini- 20 
tial value, thus being usable with light touch inputs with- 
out any issue. 

(Example 2) 

25 

[0072] A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Example 1 except that the film formation temperature is 
set to 100°C. As a result of measuring the arithmetic 
. mean roughness (Ra) of the surface of the transparent 30 
conductive film, the arithmetic mean roughness (Ra) is 
that 0.4 nm £ Ra k 1.2 nm, and the root-mean-square 
roughness (Rms) is 0.8 nm. In addition, the reference 
length is equal to a cutoff value used, and the evaluation 
length is a value obtained at 700 nm. 35 
[0073] Also, a transparent conductive ink composi- 
tion in which the ratio of indium to tin has been adjusted 
to {Sn/(Sn+ln)} x 100 = 20 wt% is printed on a Si0 2 - 
coated 300 mm x 300 mm x 1.1 mm soda glass sub- 
strate by the aforementioned thin film formation system 40 
(Angstromer™, In-Line type, made by Nissha Printing 
Co., Ltd.). 

[0074] The glass substrate, after preliminarily dried 
by hot plate, is burned at 540°C with a conveyor type 
atmosphere separating oven and subsequently cooled as 
from 540°C to room temperature in a nitrogen atmos- 
phere containing a trace amount of hydrogen gas within 
the conveyor type atmosphere separating oven, by 
which a 10 nm thick transparent conductive film is 
obtained. As a result of observation with an atomic force so 
microscope by an atomic force microscope (SPM-9500 
made by Shimadzu Seisakusho Kabushiki Kaisha), the 
mean crystal grain size (R) is distributed within a range 
of 10- 30 nm. 

[0075] Further, as a result of measuring the arith- ss 
metic mean roughness (Ra) of the surface of the trans- 
parent conductive film, the arithmetic mean roughness 
(Ra) is that 0.15 nm < Ra 5 0.29 nm and the root-mean- 



square roughness (Rms) is 0.39 nm. In addition, the ref- 
erence length is equal to a cutoff value used, and the 
evaluation length is a value obtained at 700 nm. 
[0076] A transparent touch panel using the above 
film and the glass as electrodes is fabricated, and an 
input is made in a lattice shape by loading a polyacetal 
pen with a total weight of 20 g. As a result, a stable input 
is able to be achieved without causing line breaks or line 
distortions. 

[0077] Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, a stable value of 4.5 V is shown. 
[0078] Furthermore, after the transparent touch 
panel is subjected to a humidity heat test at 60°C and a 
relative humidity of 95% (RH) for 500 hours, a similar 
lattice input test is performed and then input voltage is 
measured. As a result, the transparent touch panel 
shows an input voltage of 4.5 V, similar to the initial 
value, thus free from any issues with light touch inputs. 
Also, as a result of evaluating, with lattice inputs, an 
input state after a 150000-character continuous input 
test, a stable lattice is able to be drawn without causing 
line breaks. 

(Example 3) 

[0079] A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Example 1 except that the film formation temperature is 
set to 1 50°C and that an aging is performed at 1 50°C for 
several hours. The mean crystal grain size (R) is distrib- 
uted within a range of 40 - 100 nm. On the transparent 
conductive film surface, the arithmetic mean roughness 
(Ra) is that 1.1 nm ^ Ra £ 2.3 nm and the root-mean- 
square roughness (Rms) is 0.9 nm. In addition, the ref- 
erence length is equal to a cutoff value used, and the 
evaluation length is a value obtained at 700 nm. 
[0080] Also, a transparent conductive ink composi- 
tion whose ratio of indium to tin has been adjusted to 
{Sn/(Sn+ln)J x 100 = 12wr% is printed on a Si0 2 - 
coated 300 mm x 300 mm x 1.1 mm soda glass sub- 
strate by the aforementioned thin film formation appara- 
tus (Angstromer™, In-Line type, made by Nissha 
Printing Co., Ltd.). 

[0081 ] The glass substrate, after preliminarily dried 
by hot plate, is burned at 540°C with a conveyor type 
atmosphere separating oven and subsequently cooled 
from 540°C to room temperature in a nitrogen atmos- 
phere containing a trace amount of hydrogen gas within 
the conveyor type atmosphere separating oven, by 
which a 20 nm thick transparent conductive film is 
obtained. As a result of observation with an atomic force 
microscope (SPI3600 made by Seiko Denshi Kogyo 
Kabushiki Kaisha), the mean crystal grain size (R) is 
distributed within a range of 40 - 60 nm. 
[0082] Further, as a result of measuring the arith- 
metic mean roughness (Ra) of the film surface, the 
arithmetic mean roughness (Ra) is that 0.4 nm < Ra < 



21 



EP1 011 040 A1 



22 



0.8 nm and the root-mean-square roughness (Rms) is 
0.70 nm. In addition, the reference length is equal to a 
cutoff value used, and the evaluation length is a value 
obtained at 700 nm. 

[0083] A transparent touch panel using the above s 
film and the glass as electrodes is fabricated, and an 
input is made in a lattice shape by loading a polyacetal 
pen with a total weight of 20 g. As a result, a stable input 
is able to be achieved without causing line breaks or line 
distortions. 10 
[0084] Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, a stable value of 4.65 V is shown. 
[0085] Furthermore, after the transparent touch 
panel is subjected to a humidity heat test at 60°C and a rs 
relative humidity of 95% (RH) for 500 hours, a similar 
lattice input test is performed and then input voltage is 
measured. As a result, the transparent touch panel 
shows a value of 4.65 V, similar to the initial value, thus 
free from any issues with light touch inputs. 20 

(Example 4) 

[0086] A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 25 
Example 1 except that the film formation temperature is 
set to 100°C. As a result of measuring the arithmetic 
mean roughness (Ra) of the surface of the transparent 
conductive film, the arithmetic mean roughness (Ra) is 
that 0.4 nm <. Ra £ 1.2 nm and the root-mean-square 30 
roughness (Rms) is 0.8 nm. In addition, the reference 
length is equal to a cutoff value used, and the evaluation 
length is a value obtained at 700 nm. 
[0087] Also, a transparent conductive ink composi- 
tion whose ratio of indium to tin has been adjusted to 35 
{Sn/(Sn+ln)J x 100 = 10 wt% is printed on a Si0 2 - 
coated 300 mm x 300 mm x 1.1 mm soda glass sub- 
strate by the aforementioned thin film formation appara- 
tus (Angstromer™, In-Line type, made by Nissha 
Printing Co., Ltd.). 40 
[0088] The glass substrate, after preliminarily dried 
by hot plate, is burned at 540°C with a temperature 
increasing curve of 55°C/min by using a conveyor type 
atmosphere separating oven and subsequently cooled 
from 540°C to room temperature in a nitrogen atmos- 45 
phere containing a trace amount of hydrogen gas within 
the conveyor type atmosphere separating oven, by 
which a 10 mm thick transparent conductive film is 
obtained. As a result of observation with an atomic force 
microscope by an atomic force microscope (SPM-9500 so 
made by Shimadzu Seisakusho Kabushiki Kaisha), the 
mean crystal grain size (R) is distributed within a range 
of 40 - 50 nm. 

[0089] Further, as a result of measuring the arith- 
metic mean roughness (Ra) of the surface of the trans- ss 
parent conductive film, the arithmetic mean roughness 
(Ra) is that 0.4 nm <, Ra <, 0.9 nm and the root-mean- 
square roughness (Rms) is 0.67 nm. In addition, the ref- 



erence length is equal to a cutoff value used, and the 
evaluation length is a value obtained at 700 nm. Also, 
Rp/Rmax is 0.50 and the cross section of the grain 
aggregates forming the surface shape shows a trape- 
zoidal shape. 

[0090] A transparent touch panel using the above 
film and the glass as electrodes is fabricated, and an 
input is made in a lattice shape by loading a polyacetal 
pen with a total weight of 20 g. As a result, a stable input 
is able to be achieved without causing line breaks or line 
distortions. 

[0091 ] Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, a stable value of 4.55 V is shown. 
[0092] Furthermore, after the transparent touch 
panel is subjected to a humidity heat test at 60°C and a 
relative humidity of 95% (RH) for 500 hours, a similar 
lattice input test is performed and then input voltage is 
measured. As a result, the transparent touch panel 
shows a value of 4.5 V, similar to the initial value, thus 
free from any issues with light touch inputs. Also, as a 
result of evaluating, with lattice inputs, an input state 
after a 150000-character continuous input test, a stable 
lattice is able to be drawn without causing line breaks. 

(Comparative Example 1) 

[0093] A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Example 1 except that the aging process is omitted. As 
a result, the. mean crystal grain size (R) is distributed 
within a range of 10 - 20 nm. Also, by using, as the lower 
electrode substrate, a 1 .1 mm thick glass dip-coated on 
both sides with Si0 2 , and with the substrate tempera- 
ture set to 150°C, a 10 nm thick ITO film is formed as a 
transparent conductive film by sputtering process. As a 
result of observation by an atomic force microscope 
(SPI3600 made by Seiko Denshi Kogyo Kabushiki Kai- 
sha), the mean crystal grain size (R) is distributed within 
a range of 20 - 30 nm. 

[0094] A transparent touch panel using the above 
film and the glass as electrodes is fabricated, and an 
input is made in a lattice shape by loading a polyacetal 
pen with a total weight of 20 g. As a result, although 
there are no line breaks, line distortions occur, so that a 
stable input is unable to be achieved. 
[0095] Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, unstable values of 4.3 - 4.4 V are shown. 
[0096] Furthermore, after the transparent touch 
panel is subjected to a humidity heat test at 60°C and a 
relative humidity of 95% (RH) for 500 hours, a similar 
lattice input test is performed. As a result, line distor- 
tions are larger as compared with those of the initial 
state, even line breaks occur, and besides input-disa- 
bled places are observed. Further, as a result of meas- 
uring input voltage, the transparent touch panel shows 
values of 4.0 - 4.3 V, even lower than the initial values, 
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thus unusable with light touch inputs. 
(Comparative Example 2) 

[0097] A transparent conductive film is formed on a 5 
polyethylene terephthalate film in the same way as in 
Comparative Example 1 . As a result, the mean crystal 
grain size (R) is distributed within a range of 10 - 20 nm. 
The arithmetic mean roughness (Ra) of the surface of 
the transparent conductive film is that 0.1 nm ^ Ra ^ 10 
0.25 nm and the root-mean-square roughness (Rms) is 
0.55 nm. In addition, the reference length is equal to a 
cutoff value used, and the evaluation length is a value 
obtained at 700 nm. 

[0098] Also, by using, as the lower electrode sub- w 
strate, a 1.1 mm thick glass dip-coated on both sides 
with Si0 2 , and with the substrate temperature set to 
80°C, a 15 nm thick ITO film is formed as a transparent 
conductive film by sputtering process. As a result of 
observation by an atomic force microscope (SPI3600 20 
made by Seiko Denshi Kogyo Kabushiki Kaisha), the 
mean crystal grain size (R) is distributed within a range 
of 10 - 15 nm. The. arithmetic mean roughness (Ra) of 
the surface of the transparent conductive film is that 0. 1 
nm s Ra ^ 0.22 nm and the root-mean-square rough- 25 
ness (Rms) is 0.35 nm. In addition, the reference length 
is equal to a cutoff value used, and the evaluation length 
is a value obtained at 700 nm, 
[0099] A transparent touch panel using the above 
film and the glass as electrodes is fabricated, and volt- 30 
age upon input operation is measured by loading a poly- 
acetal pen with a total weight of 20 g and with 5 V 
applied. As a result, unstable values of 4.2 - 4.3 V are 
shown. 

[0100] Furthermore, after the transparent touch 35 
panel is subjected to a humidity heat test at 60°C and a 
relative humidity of 95% (RH) for 500 hours, a similar 
lattice input test is performed. As a result, line distor- 
tions are larger as compared with those of the initial 
state, even line breaks occur, and besides input-disa- «? 
bled places are observed. Further, as a result of meas- 
uring input voltage, the transparent touch panel shows 
values of 3.7 - 4.0 V, even lower than the initial values, 
thus unusable with light touch inputs. Also, as a result of 
evaluating, with lattice inputs, an input state after a 45 
150000-character continuous input test, 3.9 - 4.1 V 
places are partly detected. 

(Comparative Example 3) 

50 

[01 01 ] A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Example 3. 

[0102] Also, a transparent conductive ink composi- 
tion is printed on a Si0 2 -coated 300 mm x 300 mm x 1 . 1 ss 
mm soda glass substrate by a thin film formation appa- 
ratus (Angstromer™, In-Line type, made by Nissha 
Printing Co., Ltd.). 



[01 03] The glass substrate, after preliminarily dried 
by hot plate, is burned at 500°C with a conveyor type 
atmosphere separating oven and subsequently cooled 
from 500°C to room temperature in a nitrogen atmos- 
phere containing a trace amount of hydrogen gas within 
the conveyor type atmosphere separating oven, by 
which a 10 nm thick transparent conductive film is 
obtained. As a result of observation with an atomic force 
microscope (SPI3600 made by Seiko Denshi Kogyo 
Kabushiki Kaisha), the mean crystal grain size (R) is 
distributed within a range of 10 - 30 nm. Further, as a 
result of measuring the arithmetic mean roughness (Ra) 
of the surface of the transparent conductive film, the 
arithmetic mean roughness (Ra) is that 0.1 nm <, Ra <, 
0.4 nm and the root-mean-square roughness (Rms) is 
0.35 nm. In addition, the reference length is equal to a 
cutoff value used, and the evaluation length is a value 
obtained at 700 nm. 

[0104] . A transparent touch panel using the above, 
film and the glass as electrodes is fabricated, and an 
input is made in a lattice shape by loading a polyacetal 
pen with a total weight of 20 g. As a result, although 
there are no line breaks, line distortions occur, so that a 
stable input is unable to be achieved. 
[01 05] Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, unstable values of 4.3 - 4.4 V are shown. 
[0106] Furthermore, after the transparent touch 
panel is subjected to a humidity heat test at 60°C and a 
relative humidity of 95% (RH) for 500 hours, a similar 
lattice input test is performed. As a result, line distor- 
tions are larger as compared with those of the initial 
state, even line breaks occur, and besides input-disa- 
bled places are observed. Further, as a result of meas- 
uring input voltage, the transparent touch panel shows 
values of 4.0 - 4.3 V, even lower than the initial values, 
thus unusable with light touch inputs. 
[0107] The transparent conductive film for use in a 
transparent touch panel, the transparent touch panel 
using the transparent conductive film, and a method for 
fabricating the transparent conductive film according to 
the present invention are constituted as described 
above and therefore have the following superior effects. 
[0108] The transparent conductive film for use in 
the transparent touch panel according to the first aspect 
of the invention, is constructed so that the lower elec- 
trode and the upper electrode are stacked so as to be 
spaced from each other by the spacers, the transparent 
conductive film being provided on the electrode sub- 
strate of at least one of the electrodes and thereby form- 
ing the electrode, wherein the transparent conductive 
film has, in its surface shape, the arithmetic mean 
roughness (Ra) within the range of 0.4 nm ^ Ra £ 4.0 
nm and the root-mean-square roughness (Rms) within 
the range of 0.6 nm < Rms < 3.0 nm. Therefore, a film in 
which crystal grain aggregates are arranged compact 
and yet which has a good smoothness can be obtained, 
so that a contact area for input operation can promptly 
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be ensured, thus making the transparent conductive 
film suitable for light touch inputs. 
[0109] The transparent conductive film for use in 
the transparent touch panel according to the second 
aspect of the invention, is constructed so that the lower 
electrode and the upper electrode are stacked so as to 
be spaced from each other by the spacers, the transpar- 
ent conductive film being provided on the electrode sub- 
strate of at least one of the electrodes and thereby 
forming the electrode, wherein the transparent conduc- 
tive film is composed of the indium oxide - tin oxide film 
and the mean crystal grain size (R) within the plane of 
the metallic oxide observed at the surface of the trans- 
parent conductive film is within the range of 40 nm <, R 
£ 200 nm. Therefore, a stable oxide film less in barriers 
typified by grain boundaries is obtained, and the contact 
resistance upon mutual contact of the transparent con- 
ductive films provided on opposing substrates can be 
reduced, so that a stable input can be achieved, thus 
making the transparent conductive film suitable for light 
touch inputs. 

[0110] The transparent conductive film for use in 
the transparent touch panel according to the third 
aspect of the invention, is constructed so that the lower 
electrode and the upper electrode are stacked so as to 
be spaced from each other by the spacers, the transpar- 
ent conductive film being provided on the electrode sub- 
strate of at least one of the electrodes and thereby 
forming the electrode, wherein the . transparent conduc- 
tive film is composed of the fluorine- or antimony-added 
tin oxide film and the mean crystal grain size (R) within 
the plane of the metallic oxide observed at the surface 
of the transparent conductive film is within the range of 
80 nm <, R <, 400 nm. Therefore, a crystal-grown, stable 
oxide film is obtained, and as a result, the contact resist- 
ance upon mutual contact of the transparent conductive 
films provided on opposing substrates can be reduced, 
so that a stable input can be achieved, making the 
transparent conductive film suitable for light touch 
inputs. 

[0111] The transparent conductive film for use in 
the transparent touch panel according to the fourth 
aspect of the invention, in the first or second aspect, 
wherein the transparent conductive film is composed of 
the indium oxide - tin oxide film and has, in its surface 
shape, the arithmetic mean roughness (Ra) within the 
range of 0.4 nm <, Ra <, 3.0. nm and the root-mean- 
square roughness (Rms) within the range of 0.6 nm ^ 
Rms ^ 2.0 nm. Therefore, a film in which the crystal 
grain aggregates are arranged compact and yet which 
has a good smoothness can be obtained, so that a con- 
tact area for input operation can promptly be ensured 
and that the contact resistance upon light touch input 
can be reduced, thus making the transparent conduc- 
tive film suitable for light touch inputs. 
[0112] The transparent conductive film for use in 
the transparent touch panel according to the fifth aspect 
of the invention, in the first or third aspect, is con- 



structed so that the transparent conductive film is com- 
posed of the fluorine- or antimony-added tin oxide film 
and has, in its surface shape, the arithmetic mean 
roughness (Ra) within the range of 0.4 nm <, Ra <, 4.0 
5 nm and the root-mean-square roughness (Rms) within 
the range of 0.6 nm ^ Rms < 3.0 nm. Therefore, a con- 
tact area for input operation can promptly be ensured, 
making the transparent conductive film suitable for light 
touch inputs. 

10 [0113] The transparent conductive film for use in 
the transparent touch panel according to the sixth 
aspect of the invention, in any one of the first to fifth 
aspects, is constructed so that given the center line 
depth Rp and the maximum roughness Rmax with 

15 respect to the surface shape, the parameter (Rp/Rmax) 
representing the surface shape is set to 0.55 or less, 
whereby the cross section of the grain aggregates form- 
ing the surface shape is formed into the trapezoidal or 
rectangular shape. Therefore, with such a trapezoidal or 

20 rectangular shape obtained, the transparent conductive 
film allows a contact area for input operation to be 
promptly ensured and is superior in sliding characteris- 
tic upon light touch input. Accordingly, a very stable 
input can be ensured and the life can be prolonged in 

25 terms of sliding characteristics that are essential as a 
switch. 

[0114] The transparent conductive film for use in 
the transparent touch panel according to the seventh 
aspect of the invention, in any one of the first to sixth 

30 aspects, is constructed so that the transparent conduc- 
tive film is formed by the coating or printing process with 
the sol-gel material. Therefore, the cross section of the 
grain aggregates forming the surface shape is formed 
into the trapezoidal or rectangular shape, and as a 

35 result, the transparent conductive film allows a contact 
area for input operation to be promptly ensured and is 
superior also in sliding characteristic, thus being suita- 
ble for light touch inputs. 

[0115] The transparent touch panel according to 

40 the eighth aspect of the invention, is constructed so that 
the transparent conductive film in any one of the first to 
seventh aspects is provided on the electrode substrate 
of at least one electrode out of the lower electrode and 
the upper electrode and thereby forming the electrode. 

45 Therefore, as to this transparent conductive film, a film 
in which the crystal grain aggregates are arranged com- 
pact and yet which has a good smoothness can be 
obtained, so that a contact area for input operation can 
promptly be ensured. Thus, a transparent touch panel 

so superior in light touch inputs can be offered. 

[0116] The transparent touch panel according to 
the ninth aspect of the present invention, is constructed 
so that the transparent conductive film in any one of the 
first to seventh aspects is provided on each of electrode 

55 substrates of both the lower electrode and the upper 
electrode and thereby forming the electrodes. There- 
fore, as to this transparent conductive film, a film in 
which the crystal grain aggregates are arranged com- 
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pact and yei which has a good smoothness can be 
obtained, so that a contact area for input operation can 
promptly be ensured. Thus, a transparent touch panel 
superior in light touch inputs can be offered. 
[0117] The method for fabricating the transparent 5 
conductive film for use in the transparent touch panel 
according to the tenth aspect of the invention, is con- 
structed so that the lower electrode and the upper elec- 
trode are stacked so as to be spaced from each other by 
the spacers, the transparent conductive film being pro- 10 
vided on the electrode substrate of at least one of the 
electrodes and thereby forming the electrode, the 
method comprising: forming the indium oxide - tin oxide 
film so that the film has, in its surface shape, the arith- 
metic mean roughness (Ra) within the range of 0.4 nm is 
£ Ra ^ 3.0 nm and the root-mean-square roughness 
(Rms) within the range of 0.6 nm <, Rms ^ 2.0 nm, by the 
coating or printing process using the sol-gel material, 
where at least the organometallic compound constitut- 
ing the sol-gel material is composed of indium and tin 20 
and has the constituent weight ratio of indium to tin that 
5 wt% 5 {Sn/(ln+Sn)}x100 ^ 15 wt% . Therefore, a 
transparent conductive film suitable for light touch 
inputs can be easily obtained. 

[0118] The method for fabricating the transparent 25 
conductive film for use in the transparent touch panel 
according to the eleventh aspect of the invention, is con- 
structed so that the lower electrode and the upper elec- 
trode are stacked so as to be spaced from each other by 
the spacers, the transparent conductive film being pro- 30 
vided on the electrode substrate of at least one of the 
electrodes and thereby forming the electrode, the 
method comprising: forming the indium oxide - tin oxide 
film so that the mean crystal grain size (R) within the 
plane of the metallic oxide observed at the surface of 35 
the film is within the range of 40 nm <, R <, 200 nm, by 
the coating or printing process using the sol-gel mate- 
rial, where at least the organometallic compound consti- 
tuting the sol-gel material is composed of indium and tin 
and has a constituent weight ratio of indium to tin that 40 
5 wt% <, {Sn/(ln+Sn)}x100 <, 15 wt% . Therefore, a sta- 
ble transparent conductive film less in barriers typified 
by grain boundaries can be easily obtained. 
[0119] The method for fabricating the transparent 
conductive film for use in the transparent touch panel 45 
according to the twelfth aspect of the invention, is con- 
structed so that the lower electrode and the upper elec- 
trode are stacked so as to be spaced from each other by 
the spacers, the transparent conductive film being pro- 
vided on the electrode substrate of at least one of the so 
electrodes and thereby forming the electrode, the 
method comprising: after coating or printing with the 
sol-gel material by the coating or printing process using 
the sol-gel material, performing the initially drying proc- 
ess; then performing the oxidation burning process at 55 
the temperature increasing rate of 40°C - 60°C per 
minute within the temperature range of 200°C - 400°C; 
and subsequently performing the reduction burning 



process, thereby forming the indium oxide - tin oxide film 
so that the film has, in its surface shape, the arithmetic 
mean roughness (Ra) within the range of 0.4 nm <, Ra <, 
3.0 nm and the root-mean-square roughness (Rms) 
within the range of 0.6 nm <, Rms <. 2.0 nm. Therefore, a 
transparent conductive film suitable for light touch 
inputs can be easily obtained. 
[0120] The method for fabricating the transparent 
conductive film for use in the transparent touch panel 
according to the thirteenth aspect of the invention, is 
constructed so that the lower electrode and the upper 
electrode are stacked so as to be spaced from each 
other by the spacers, the transparent conductive film 
being provided on the electrode substrate of at least 
one of the electrodes and thereby forming the electrode, 
the method comprising: after coating or printing with the 
sol-gel material by the coating or printing process using 
the sol-gel material, performing the initially drying proc- 
ess; then performing the oxidation burning process at 
the temperature increasing rate of 40°C - 60°C per 
minute within the temperature range of 200°C - 400°C; 
and subsequently performing the reduction burning 
process, thereby forming the indium oxide - tin oxide film 
so that the mean crystal grain size (R) within the plane 
of the metallic oxide observed at the surface of the film 
is within the range of 40 nm ^ R < 200 nm. Therefore, a 
stable transparent conductive film less in barriers typi- 
fied by grain boundaries can be easily obtained. 
[0121] The method for fabricating the transparent 
conductive film for use in the transparent touch panel 
according to the fourteenth aspect of the invention, in 
the tenth or eleventh aspect, is constructed so that in a 
case where the transparent conductive film is formed by 
the coating or printing process using the sol-gel mate- 
rial, the method comprising: after coating or printing 
with the sol-gel material, performing the initially drying 
process; then performing the oxidation burning process 
at the temperature increasing rate of 40°C - 60°C per 
minute within the temperature range of 200°C - 400°C; 
and subsequently performing the reduction burning 
process, thereby forming the transparent conductive 
film. Therefore, a stable transparent conductive film 
which is suitable for light touch inputs and less in barri- 
ers typified by grain boundaries can be easily obtained. 
[0122] The transparent conductive film for use in 
the transparent touch panel according to the fifteenth 
aspect of the invention, the film is fabricated by the 
method for fabricating the transparent conductive film 
for use in the transparent touch panel in any one of the 
tenth to fourteenth aspects. Therefore, while the advan- 
tage of the method for fabricating the transparent con- 
ductive film according to any one of the tenth to 
fourteenth aspects can be obtained, a transparent con- 
ductive film which allows a contact area for input opera- 
lion to be promptly ensured and which is suitable for 
light touch inputs can be offered. 
[0123] Also, in the transparent conductive film for 
use in the transparent touch panel or the transparent 
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touch panel according to the invention, in the case 
where the transparent conductive film on at least one 
substrate is the indium oxide - tin oxide film, and where 
control is made so that the arithmetic mean roughness 
(Ra) of the surface of the film is within the range of 0.4 5 
nm <. Ra < 3.0 nm and that the root-mean-square rough- 
ness (Rms) is 0.6 nm or more, the contact area can be 
ensured, thus the transparent conductive film or the 
transparent touch panel being suitable for light touch 
inputs. 10 
[0124] Also, in the transparent conductive film for 
use in the transparent touch panel or the transparent 
touch panel according to the invention, in the case 
where the transparent conductive film on at least one 
substrate is the indium oxide - tin oxide film, and where is 
control is made so that the mean crystal grain size (R) 
within the plane of the metallic oxide observed at the 
surface of the film is within the range of 40 nm <, R <, 200 
nm, that the arithmetic mean roughness (Ra) of the sur- 
face is within the range of 0.4 nm <, Ra < 3.0 nm, and 20 
that the root-mean-square roughness (Rms) is 0.6 nm 
or more, the contact area can be ensured and the con- 
tact resistance upon light touch input operation can be 
further reduced, thus the transparent conductive film or 
the transparent touch panel being suitable for light touch 25 
inputs. 

[0125] Also, in the transparent conductive film for 
use in the transparent touch panel or the transparent 
touch panel according to the invention, in the case 
where the transparent conductive film on at least one 30 
substrate is the indium oxide - tin oxide film, and where 
the cross section of the grain aggregates forming the 
surface shape is controlled so as to be formed into the 
trapezoidal or rectangular shape with settings that the 
arithmetic mean roughness (Ra) of the film surface is 3S 
within the range of 0.4 nm ^ Ra 5 3.0 nm, that the root- 
mean-square roughness (Rms) is 0.6 nm or more, and 
that the parameter representing the surface shape is 
0.55 or less, the contact area can be ensured and a 
superior sliding characteristic upon light touch input 40 
operation can be obtained, thus the transparent con- 
ductive film or the transparent touch panel being suita- 
ble for light touch inputs. In addition, on condition that 
Rp/Rmax <. 0.55, Rp represents the center line depth 
and Rmax represents the maximum roughness, both 45 
expressed in nm. 

[0126] Also, in the transparent conductive film for 
use in the transparent touch panel or the transparent 
touch panel according to the invention, in the case 
where the transparent conductive film on at least one so 
substrate is the fluorine- or antimony-added tin oxide 
film, and where control is made so that the mean crystal 
grain size (R) within the plane of the metallic oxide 
observed at the surface is 40 nm <, R s 400 nm, the con- 
tact resistance Eb upon light touch input operation can 55 
be reduced, thus the transparent conductive film or the 
transparent touch panel being suitable for light touch 
inputs. 



[0127] Also, in the transparent conductive film for 
use in the transparent touch panel or the transparent 
touch panel according to the invention, in the case 
where the transparent conductive film on at least one 
substrate is the fluorine- or antimony-added tin oxide 
film, and where controlled is made so that the arithmetic 
mean roughness (Ra) of the film surface is within the 
range of 0.4 nm ^ Ra ^ 4.0 nm and that the root-mean- 
square roughness (Rms) is 0.6 nm or more, the contact 
area can be ensured, thus the transparent conductive 
film, or the transparent touch panel being suitable for 
light touch inputs. 

[0128] Also, in the transparent conductive film for 
use in the transparent touch panel or the transparent 
touch panel according to the invention, in the case 
where the transparent conductive film on at least one 
substrate is the fluorine- or antimony-added tin oxide 
film, and where control is made so that the mean crystal 
grain size (R) within the plane of the metallic oxide 
observed at the film surface is 40 nm ^ R ^ 400 nm, that 
the arithmetic mean roughness (Ra) of the surface of 
the transparent conductive film is within the range of 0.4 
nm ^ Ra s 4.0 nm, and that the root-mean-square 
roughness (Rms) is 0.6 nm or more, the contact resist- 
ance upon light touch input operation can be further 
reduced, the contact area can be ensured and a good 
sliding characteristic can be obtained, thus the transpar- 
ent conductive film or the transparent touch panel being 
suitable for light touch inputs. 
[0129] Also, in the transparent conductive film for 
use in the transparent touch panel or the transparent 
touch panel according to the invention, in the case 
where the transparent conductive film on at least one 
substrate is the fluorine- or antimony-added tin oxide 
film, and where the cross section of the grain aggre- 
gates forming the surface shape is controlled so as to 
be formed into the trapezoidal or rectangular shape with 
settings that the mean crystal grain size (R) within the 
plane of the metallic oxide observed at the film surface 
is within the range of 40 nm 2 R £ 300 nm, that the arith- 
metic mean roughness (Ra) of the surface of the trans- 
parent conductive film is within the range of 0.4 nm £ Ra 
< 4.0 nm, that the root-mean-square roughness (Rms) 
is 0.6 nm or more, and that the parameter representing 
the surface shape is 0.55 or less, the contact area upon 
input operation can promptly be ensured, the contact 
resistance upon light touch input operation can be fur- 
ther reduced, and a good sliding characteristic upon 
light touch input operation can be obtained, thus the 
transparent conductive film or the transparent touch 
panel being suitable for light touch inputs. 
[0130] Although the present invention has been 
fully described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 
as included within the scope of the present invention as 
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defined by the appended claims unless they depart 
therefrom. 

Claims 

5 

1 . A transparent conductive film for use in a transpar- 
ent touch panel in which a lower electrode (5) and 
an upper electrode (4) are stacked so as to be 
spaced from each other by spacers (1 0), the trans- 
parent conductive film being provided on an elec- io 
trode substrate (14, 15) of at least one of the 
electrodes and thereby forming the electrode, 
wherein 

the transparent conductive film has, in its sur- is 
face shape, an arithmetic mean roughness 
(Ra) within a range of 0.4 nm ^ Ra <, 4.0 nm 
and a root-mean-square roughness (Rms) 
within a range of 0.6 nm <, Rms <, 3.0 nm. 

20 

2. A transparent conductive film for use in a transpar- 
ent touch panel in which a lower electrode (5) and 
an upper electrode (4) are stacked so as to be 
spaced from each other by spacers (10), the trans- 
parent conductive film being provided on an elec- 25 
trode substrate of at least one of the electrodes and 
thereby forming the electrode, wherein 

the transparent conductive film is composed of 
an indium oxide - tin oxide film and a mean 30 
crystal grain size (R) within a plane of a metallic 
oxide observed at a surface of the transparent 
conductive film is within a range of 40 nm 5 R £ 
200 nm. 

35 

3. A transparent conductive film for use in a transpar- 
ent touch panel in which a lower electrode (5) and 
an upper electrode (4) are stacked so as to be 
spaced from each other by spacers (10), the trans- 
parent conductive film being provided on an elec- 40 
trode substrate of at least one of the electrodes and 
thereby forming the electrode, wherein 

the transparent conductive film is composed of 
a fluorine- or antimony-added tin oxide film and 45 
a mean crystal grain size (R) within a plane of 
a metallic oxide observed at a surface of the 
transparent conductive film is within a range of 
80 nm < R < 400 nm. 

50 

4. A transparent conductive film for use in a transpar- 
ent touch panel according to Claim 1 or 2, wherein 
the transparent conductive film is composed of an 
indium oxide - tin oxide film and has, in its surface 
shape, an arithmetic mean roughness (Ra) within a 55 
range of 0.4 nm <, Ra < 3.0 nm and a root-mean- 
square roughness (Rms) within a range of 0.6 nm <, 
Rms <, 2.0 nm. 
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5. A transparent conductive film for use in a transpar- 
ent touch panel according to Claim 1 or 3, wherein 
the transparent conductive film is composed of a 
fluorine- or antimony-added tin oxide film and has, 
in its surface shape, an arithmetic mean roughness 
(Ra) within a range of 0.4 nm ^ Ra £ 4.0 nm and a 
root-mean-square roughness (Rms) within a range 
of 0.6 nm <. Rms <. 3.0 nm. 

6. A transparent conductive film for use in a transpar- 
. ent touch panel according to any one of Claims 1 to 

5, wherein given a center line depth Rp and a max- 
imum roughness Rmax with respect to the surface 
shape, a parameter (Rp/Rmax) representing the 
surface shape is set to 0.55 or less, whereby a 
cross section of grain aggregates forming the sur- 
face shape is formed into a trapezoidal or rectangu- 
lar shape. 

7. A transparent conductive film for use in a transpar- 
ent touch panel according to any one of Claims 1 to 

6, wherein the transparent conductive film is formed 
by a coating or printing process with a sol-gel mate- 
rial. 

8. A transparent touch panel in which the transparent 
conductive film according to any one of Claims 1 to 
7 is provided on an electrode substrate of at least 
one electrode out of the lower electrode (5) and the 
upper electrode (4) and thereby forming the elec- 
trode. 

9. A transparent touch panel in which the transparent 
conductive film according to anyone of Claims 1 to 
7 is provided on electrode substrates of both the 
lower electrode (5) and the upper electrode (4) and 
thereby forming the electrodes. 

10. A method for fabricating a transparent conductive 
film for use in a transparent touch panel in which a 
lower electrode (5) and an upper electrode (4) are 
stacked so as to be spaced from each other by 
spacers (10), the transparent conductive film being 
provided on an electrode substrate (14, 15) of at 
least one of the electrodes and thereby forming the 
electrode, the method comprising: 

forming an indium oxide - tin oxide film so that 
the film has, in its surface shape, an arithmetic 
mean roughness (Ra) within a range of 0.4 nm 
< Ra < 3.0 nm and a root-mean-square rough- 
ness (Rms) within a range of 0.6 nm ^ Rms <, 
2.0 nm, by a coating or printing process using a 
sol-gel material, where at least an organome- 
tallic compound constituting the sol-gel mate- 
rial is composed of indium and tin and has a 
constituent weight ratio of indium to tin that 
5 wt% <, {Sn/(ln+Sn)}x100 <; 15 wt% . 
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11. A method for fabricating a transparent conductive 
film for use in a transparent touch panel in which a 
lower electrode (5) and an upper electrode (4) are 
stacked so as to be spaced from each other by 
spacers (1 0), the transparent conductive film being 5 
provided on an electrode substrate (14, 15) of at 
least one of the electrodes and thereby forming the 
electrode, the method comprising: 

forming an indium oxide - tin oxide film so that 10 
a mean crystal grain size (R) within a plane of 
a metallic oxide observed at a surface of the 
film is within a range of 40 nm ^R <, 200 nm, by 
a coating or printing process using a sol-gel 
material, where at least an organometallic is 
compound constituting the sol-gel material is 
composed of indium and tin and has a constit- 
uent weight ratio of indium to tin that 
5 wt% < {Sn/(ln+Sn)}x1 00 < 15 wt% . 

20 

12. A method for fabricating a transparent conductive 
film for use in a transparent touch panel in which a 
lower electrode (5) and an upper electrode (4) are 
stacked so as to be spaced from each other by 
spacers (1 0), the transparent conductive film being 25 
provided on an electrode substrate (14, 15) of at 
least one of the electrodes and thereby forming the 
electrode, the method comprising: 



200°C - 400°C; and subsequently performing a 
reduction burning process, thereby forming ah 
indium oxide - tin oxide film so that a mean 
crystal grain size (R) within a plane of a metallic 
oxide observed at a surface of the film is within 
a range of 40 nm £ R ^ 200 nm. 

14. A method for fabricating a transparent conductive 
film for use in a transparent touch panel according 
to Claim 10 or 11, wherein when the transparent 
conductive film is formed by the coating or printing 
process using the sol-gel material, the method 
comprising: 

after coating or printing with the sol-gel mate- 
rial, performing an initially drying process; then 
performing an oxidation burning process at a 
temperature increasing rate of 40°C - 60°C per 
minute within a temperature range of 200°C - 
400°C; and subsequently performing a reduc- 
tion burning process, thereby forming the 
transparent conductive film. 

15. A transparent conductive film for use in a transpar- 
ent touch panel fabricated by the method for fabri- 
cating a transparent conductive film for use in a 
transparent touch panel according to any one of 
Claims 10 to 14. 



after coating or printing with a sol-gel material 30 
by a coating or printing process using the sol- 
gel material, performing an initially drying proc- 
ess; then performing an oxidation burning proc- 
ess at a temperature increasing rate of 40°C - 
60 C C per minute within a temperature range of 35 
200°C - 400°C; and subsequently performing a 
reduction burning process, thereby forming an 
indium oxide - tin oxide film so that the film has, 
in its surface shape, an arithmetic mean rough- 
ness (Ra) within a range of 0.4 nm ^ Ra ^ 3.0 40 
nm and a root-mean-square roughness (Rms) 
within a range of 0.6 nm < Rms <, 2.0 nm. 

13. A method for fabricating a transparent conductive 
film for use in a transparent touch panel in which a 45 
lower electrode (5) and an upper electrode (4) are 
stacked so as to be spaced from each other by 
spacers (10), the transparent conductive film being 
provided on an electrode substrate (14,. 15) of at 
least one of the electrodes and thereby forming the so 
electrode, the method comprising: 



after coating or printing with a sol-gel material 
by a coating or printing process using the sol- 
gel material, performing an initially drying proc- 55 
ess; then performing an oxidation burning proc- 
ess at a temperature increasing rate of 40°C - 
60°C per minute within a temperature range of 
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